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EXECUTIVE SUMMARY 


Purpose of Report 


The Municipal-Industrial Strategy for Abatement (MISA) program is intended to achieve the 
"virtual elimination of toxic contaminants in municipal and industrial discharges into Ontario 
waterways". As a first step in this program, regulations were promulgated that required intensive 
12-month monitoring of industrial wastewater discharges at 237 plants in 9 industrial sectors 
between December 1, 1988 and July 31, 1991. 


Estimates of the capital and operating costs of monitoring activities at each plant were prepared 
by joint committees of industrial representatives and Ministry staff. Prior to the completion of 
year-long monitoring programs in each sector, plants were sent questionnaires to obtain data on 
the actual expenditures incurred for monitoring. 


In this report, monitoring activities required by the regulations are described and key results of 
monitoring efforts are summarized. This is the first time that costs estimates of a monitoring 
program have been compared with actual reported expenses. Statistical tests were employed to 
compare reported monitoring costs with the estimated costs used to develop the regulations in 
order to assess the accuracy of estimated costs. 


Key Results of Effluent Monitoring Activities 


Different numbers of contaminants or pollution parameters were tested in effluents in each sector. 
A total of 161 parameters, the largest number of parameters tested for in any of the industrial 
sectors, were tested for at Metal Casting plants. The largest number of parameters detected in 
one industrial sector was 116 at the Organic Chemical plants. Effluents from 54% of pulp and 
paper plants and 42% of organic chemical plants were found to be toxic to fish and other aquatic 
organisms. 


Using monitoring data from plants in each industrial sector, maximum allowable limits were set 
for specific pollution parameters in each sector ranging from 59 contaminants in the Organic 
Chemical Sector plants to 1 parameter for Industrial Minerals plants. 


Estimated Costs of Monitoring Activities 


Estimated monitoring costs totalled $73.7 million for 237 plants, or an average of $311,100 per 
plant. Operating expenses were estimated to represent 65% of the total expenses. Disaggregated 
estimates were developed for each monitoring activity: sampling ($25.6 million), flow 
measurement ($12.9 million), characterization ($11.8 million), routine analysis ($16.2 million), 
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toxicity testing ($1.6 million), reporting ($5.1 million) and other ($512,300). 


The Iron and Steel sector, with 7 plants, was expected to have the highest total estimated costs 
per plant of $1.2 million, whereas the 51 Industrial Minerals monitoring plants were expected to 
incur the least total cost of $38,900 per plant. It was estimated that the 7 Iron and Steel plants 
would incur the highest capital and operating costs per plant; $732,000 per plant and $464,000 
per plant respectively. 


Reported Costs of Monitoring Activities 


Of the 220 plants or mines that were sent a questionnaire requesting data on actual monitoring 
expenditures, 117 or 53% returned completed questionnaires. These 117 plants reported spending 
a total of $52.9 million or an average of $452,000 per plant on monitoring activities. The $26.7 
million spent on operating expenditures includes $10.2 million to hire external consultants. Total 
capital and operating cost per plant were $224,000 and $228,000 respectively. 


Total expenditures reported for sampling were the highest at $14.2 million or 26.8%, followed 
by analytical testing ($11.9 million or 22.6%), flow measurement ($10.4 million or 19.7%), 
reporting ($5 million or 9.5%), training and seminars ($1 million or 2%) and transportation 
($109,000 or 0.2%). 


The 22 Electric Power plants reported spending the largest total expenditure by sector, $22.5 
million, with the lowest total sector expenditure being $43,700 by 2 Metal Casting plants. 


External consultants hired generally performed chemical analyses ($6.4 million) and toxicity 
testing ($1.0 million). The 117 reporting plants established 210 consulting contracts with 55 
consulting firms, for an average cost of $42,600 per contract. 


Estimated and Reported Costs of MISA Monitoring Activities 


Both monitoring cost estimates and reported costs are available for 99 out of 117 plants that 
returned completed questionnaires. Actual and estimated costs were compared for these plants 
in order to determine the level of over/under estimation and to determine reasons for such 
discrepancies for these 99 plants. Total estimated monitoring costs were $7.2 million, or 14% 
less than total reported costs. 


However, total costs were over-estimated by as much as 248% in the Metal Mining Sector, and 
under-estimated by as much as 43% in the Electric Power Sector. 


The range of error within each industrial sector was determined by calculating the ratios of 
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estimated costs over reported costs by plant within each sector. The range of error was as low 
as -40% to 19% in the Petroleum Refining Sector to as large as 65% to 1,053% in the Metal 
Mining Sector. 


Standard deviations, calculated to determine the spread in the total sector ratios of estimated to 
reported costs by plant, show that the spread of ratios for total costs was the least in the 
Petroleum and Organic Chemical sectors thereby implying that there is more certainty that the 
estimates represent the actuals. 


Two-tailed t-tests were applied to assess whether estimated costs at each plant were within the 
“confidence limits" of the actual costs. This test indicates that the estimated monitoring costs 
represent actual monitoring costs within a 95% confidence interval for the same monitoring 
activities in the Petroleum, Organic, Pulp and Paper and Inorganic Chemical Sectors. 
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i. INTRODUCTION 


Led MISA Program: Background 


The Municipal-Industrial Strategy for Abatement (MISA) was initiated in 1986 by the Ontario 
Government. It was intended to reduce or "virtually eliminate" discharges of toxic contaminants 
into provincial waterways from industrial and municipal effluents. The MISA program consisted 
of two main stages: effluent monitoring and the development of maximum allowable limits on 
contaminant loadings in effluents. 


Plants in 9 industrial sectors, plus municipal sewage treatment plants, that discharge wastewater 
directly into provincial waterways, were the focus of this program from its conception. ' 

As of October 1995, the monitoring stage has been completed and the "MISA Clean Water" 
Regulations, which specify maximum allowable contaminant loadings in effluents, have been 
promulgated for plants in the 9 industrial sectors. 


Effluent monitoring over a 12-month period was required of plants or mines in each industrial 
sector. The monitoring stage of the MISA program was intended to establish a database of flows, 
contaminant concentrations and loadings from which contaminants were chosen for regulation and 
limits were set. These monitoring programs in each industrial sector appear to be the most 
comprehensive of their kind mandated by any jurisdiction in North America. 


Economic assessments were carried out at each stage of the program to help develop monitoring 
and limits regulations. (MOE, March 1987) The economic analyses consisted of estimates of the 
magnitude and distribution of the costs of technical options for monitoring or achieving a range 
of different levels of effluent quantities at each plant. (Salamon and Donnan, 1988) 


During the development of regulations which would mandate rigorous year-long effluent 
monitoring programs at eligible plants in the nine designated industries, Ministry staff and 
industrial representatives prepared estimates of the costs of the monitoring regimes prescribed for 
each sector. Assessments of the financial effects which the estimated monitoring costs might 
have on the regulated firms were completed and reported for each industrial sector. 


After the monitoring programs were completed, Ministry of Environment staff sent a 
questionnaire to each regulated plant to determine how much was actually spent on the various 


' (1) Petroleum Refining, (2) Organic Chemicals, (3) Inorganic Chemicals, (4) Pulp and 
Paper, (5) Mining, (6) Iron and Steel, (7) Industrial Minerals, (8) Metal Casting and (9) Electric 
Power. 
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monitoring activities mandated by the Regulations. In addition, the questionnaire survey 
requested data on: 


ike 


Ms, 


The number of additional employees hired to perform MISA monitoring activities; 


Any beneficial consequences for the regulated plants that might result from the monitoring 
program; and 


The operation of the plants, current employment, major products, and production 
capacity. | 


Responses to the survey were used to: 


ls 


2) 


1.2 


Document the actual costs of this extensive water pollution monitoring program. 


Compare reported expenses with cost estimates that were made prior to the monitoring 
program implementation in order to evaluate the accuracy of the estimation procedures. 


Purpose of the Report 


The intent of this report is to: 


Delineate the monitoring activities required by the monitoring regulations and summarize 
some of the key results of these activities; 


Summarize the estimated capital, operating and total incremental monitoring costs that 
were estimated by MOEE prior to implementing the monitoring program for each of the 
industrial sectors. 


Summarize the reported capital, operating and total costs incurred by monitoring 
plants/mines that were obtained from the survey; 


Compare the reported monitoring costs with the estimated costs used to develop the 
regulations and assess their accuracy. 


The economic and financial effects of the estimated or reported monitoring costs are not assessed 
in this report but such analyses can be found in reports on individual sectors (MOE July 1988, 
MOE February 1989, MOE June 1989, MOE August 1989, MOE May 1989, MOE December 
1989 (2 reports), MOE September 1989, MOE August 1990). 
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7 | Effluent Monitoring Activities 


The MISA Effluent Monitoring Regulations required direct dischargers to monitor and report to 
the MOEE wastewater flows, concentrations and total loadings of contaminants present in their 
wastewater effluents. 


Five major monitoring activities were specified by the General Effluent Monitoring Regulation 
(MOE, 1988), to which all dischargers were subject: 


Sampling (sites and frequencies), the collection and transportation of samples to labs. 
Flow Measurement 

Chemical Analyses ("characterization" and routine analyses) 

Bio-toxicity testing 

Data Storage and Reporting 


_ ke < 


In addition, the General Effluent Regulation specified sampling, analytical, quality assurance and 
quality control (QA/QC), and reporting procedures and protocols which had to be followed by 
all plants subject to the monitoring regulations. 


Up to 13 different types of effluent streams or "sampling points" were monitored in each sector: 


Li Process effluents 

2. Once-through cooling water effluents 
3 Waste disposal site effluents (leachate) 
4. Emergency overflow effluents 

5: Backwash effluents 

6 Storm water run-off effluents 

ik Combined process effluents 

8. Batch discharge 

»: Boiler blowdown 

10. Event Discharge 

11. Emergency Overflow 

hy Final Discharge 

13. | Equipment cleaning 


2 Characterization is the analysis of a sample to identify and quantify all of the parameters. 
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Because of the differences in the types of pollutants generated, the nature of production processes 
and other considerations, MISA monitoring requirements varied from sector to sector. For 
example, 7 petroleum refineries were required to test for the same compounds at similar 
frequencies. Alternatively, plant-specific lists of contaminants and sampling frequencies were 
developed for each organic and inorganic chemical plant. Pulp and paper mills with the same 
manufacturing or pulping processes were subject to the same monitoring protocols but monitoring 
requirements differed from one process subsector to another. 


After much negotiation between government and representatives of the regulated industries, it was 
decided not to require monitoring of intake water at plants which obtain process water directly 
from a lake or river. Therefore, data to determine plant effluent loadings net of loadings in 
intake waters were not collected by all plants. 


Industrial plants in each sector were monitored for 12 months as shown in Table 1. The first 


Monitoring Regulation began on December 1, 1988 (Petroleum Refining) and the last one 
finished on July 31, 1991 (Industrial Minerals Sector). 


TABLE 1 


PERIODS OF MISA EFFLUENT MONITORING BY SECTOR 


SECTOR MONITORING PERIOD NUMBER OF 
MONITORING 
PLANTS 


Organic Chemicals OCUwe fe LI Oo  =  Sepe 507 L990 26 
Inorganic Chemicals 1OXexe}, al, SSeS) S infer, BQ, WSye) 29 
Iron and Steel Won, 2b, abSysis) - Ofeis, Bal, alsysye q 
Pulp and Paper Jan. j27) 1990 (=e veecrmon peel 27 
47 
QD 
47 
22 


Metal Mining Feba-l, 2990) =-Jan. 32754991 
Electric Power . Juner 1 11990 = Mayrsln eo 1 


Industrial Minerals 
Salt Plants male ik, wPOo) = wrein, Bal, weal 
Other Aug. 1990 = Julye3o1) sso. 


Dec 1, 1988 - July 31, 1991 2 


2.2. Types of Contaminants Monitored 


Metal Casting May (15 1990 (Aprile 30,2992 bad os ses 


Contaminants monitored were characterized as "conventional" (eg. total suspended solids (TSS), 
total organic carbon (TOC), biological oxygen demand (BOD)), "non-conventional" (eg. non- 
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persistent toxic pollutants such as cyanide, phenols, ammonium ammonia) and "toxic" including 
metals (eg. iron, mercury, cadmium) and synthetic organic chemicals (eg. dioxins and furans). 
Development of these definitions and determination of contaminants to be regulated were aided 
by two documents, The Effluent Monitoring Priority Pollutant List, (EMPPL), 1988 and an 
update released in 1989, which listed over one hundred contaminants and documented their acute 
and chronic toxicity, their environmental persistence and their bio-accumulative tendencies. 


Once assembled, effluent monitoring data were used to: 


° Identify and quantify the loadings (mass per unit time) of all contaminants in order to 
establish a comprehensive database for direct discharges in Ontario; 


° Select parameters for technology-based effluent limits during the MISA limits setting 
stage of the program; 


° Help generate the contaminant reduction components of abatement cost functions for each 
plant; and 
° Calculate maximum allowable loading or concentration limits for each regulated plant. 


2.3 Results of Monitoring Activities 


The number and type of parameters that each plant monitored varied from one industrial sector 
to another. The largest number of parameters initially tested for within one sector was 161 in 
the Metal Casting Sector, as shown in Table 2. 


The number of parameters detected as a result of sampling and testing are also listed in Table 
2. The largest number of parameters (116) were detected in Organic Chemical sector plant 
effluents. 


In all plants monitored, the largest loadings were detected for 6 "conventional" parameters: Total 
Suspended Solids, Dissolved Organic Carbon, Volatile Suspended Solids, Total Organic 
Compounds, Oil and Grease, and Chemical Oxygen Demand. Of the non-persistent toxic 
contaminants, loadings of Ammonia plus Ammonium were found to be most prevalent in waste 
waters of Iron and Steel mills, Electric Power generating plants and Inorganic Chemicals plants. 
Large amounts of nitrates and nitrites were found in the effluents of Iron and Steel and Inorganic 
Chemicals plants. 


The level of toxicity in effluents was measured in terms of short-term (acute) lethality to trout 
and Daphnia magna (water fleas), two species that represent vertebrate and invertebrate aquatic 
life. Results of toxicity testing were recorded as: (1) the number of plants that had one or more 
samples of waste water that are acutely lethal to one or both of the two test species, and (2) the 
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number of toxic samples out of the total number of samples tested. Acutely lethal effluent is one 
that kills more than 50% of the test species in an undiluted (100%) sample of the effluent. 


TABLE 2 


EFFLUENT MONITORING RESULTS BY INDUSTRIAL SECTOR 


SECTOR NUMBER OF PARAMETERS TESTED IN NUMBER OF PARAMETERS 
SECTOR PLANTS DETECTED IN ONE OR MORE 
SECTOR EFFLUENT 


PETROLEUM REFINING 149 


ORGANIC CHEMICALS L5= 
14 conventional 
141 EMPPL 


preonaee lame 
PULP AND PAPER 
Sulphate (Kraft) 135 UU 
Sulphite/Mechanical 135 43 
Corrugating ales 38 
|} Deinking/Board/Fine 135 49 
papers/Tissue 


IRON AND STEEL 
Integrated Plants 154 
Specialty mini-mills 142 


METAL MINING ace en 


150° 
INDUSTRIAL MINERALS 150 34= 
9 organic 
+8 metals 
+17 conventional 
153: 


uECTRIC poweR Generation | 153s 


INORGANIC CHEMICALS LS 4 — 100 
138 EMPPL 
16 conventional + 
non-empl 


METAL CASTING 162 


EMPPL = Effluent Monitoring Priority Pollutant List. 


Source: 
Various MISA Development Documents for Effluent Limits Reports and Twelve Month Monitoring 
Data Reports for the nine industrial sectors. 


Among the nine sectors, Pulp and Paper and Organic Chemical plant effluent exhibited the 
greatest toxicity to aquatic life. Eleven out of 26 Organic chemical plants monitored had 
effluents that were acutely lethal to both species. Over 65% of the effluent samples tested from 
Pulp and Paper mills were toxic to Rainbow Trout and 54% of the samples tested were toxic to 
Daphnia magna. Steel mill effluents were generally non-toxic with 8% of 218 samples tested 
acutely lethal to Rainbow Trout and only 10% of 217 samples were acutely lethal to Daphnia 
magna. In a few plants with toxic effluents, it was not known what contaminants caused the 
toxicity. Consequently, it was not always clear what treatment or pollution prevention 
technologies should be applied to eliminate toxicity. These plants had to undertake research to 
find the most effective way of controlling this important pollution parameter. 
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2.4 Clean Water Limits Regulations 


MISA Clean Water Regulations were developed which specify the maximum allowable discharge 
loadings or concentrations over a specific time period for each regulated plant. Requirements are 
also specified for quantities of effluent discharged over defined time periods, and for ongoing 
future monitoring. 


Limits on specific parameters from each industrial sector were based on the following (MOE, 
1991): 


- a statistical analysis of the magnitude and frequency of each contaminant found in 
effluents. 

- the availability of "proven" abatement or pollution prevention technologies. 

- the sources of the parameter, and 

. the regulation of the parameter on other jurisdictions. 


Industry representatives were consulted extensively during this process. As shown in Table 3, 
limits were set for as many as 59 parameters at Organic Chemical plants while only 1 parameter 
was regulated at Industrial Minerals plants.’ 


3 Limits were set for only one parameter in the Industrial Minerals Sector because 
concentrations of other contaminants were too low to be of concern. 
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TABLE 3 


PARAMETERS FOR WHICH MAXIMUM ALLOWABLE CONCENTRATIONS OR 
LOADING LIMITS WERE DEVELOPED 


SECTOR NUMBER OF NUMBER OF DATE YEAR OF 
"LIMITED" PLANTS TO PROMULGATED COMPLIANCE 
PARAMETERS COMPLY FROM DATE OF 


(as of PROMULGATION 
May 1995) OF REGULATION 


REFINING 
SS lL 
|rrow amp sree | 22 | 7 | apr a3, aaa | 3 


METAL MINING [27 _;_t_ Aug 26, 1994 —_— 


INDUSTRIAL 26 Aug 26, 1994 
ae | 


| RLRCTRIC POWER POWER es eee See 


INORGANIC 25 Feb 14, 1995 
CHEMICALS 
mera casting | 3, | 2 aug 26, 1994 


Note: 


(1) By year 2002, AOX generated from the bleaching of pulp at the 
discharger’s plant must be eliminated. 


Source: 
MOE(E), Various reports: September 1992 (2 reports), December 
1994, October 1993 (2 reports), September 1993, October 1994, 
January 1993, and August 1992. 


The Ontario Clean Water Regulations also specify that pH be maintained between 6.0 and 9.5, 
that effluent must not be acutely lethal to rainbow trout or Daphnia magna (water fleas), and that 
plants must conduct chronic toxicity testing following 12 consecutive months of non-lethal acute 
lethality test results. 


As indicated in Table 3, each plant will have 3 to 4 years after promulgation to comply with the 
various regulatory requirements. 


2.5 Economic Assessment of Limits Setting 


Economic Assessments were carried out by MOEE at each stage of the Limits setting process and 
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the development of Limits Regulations. Abatement cost functions were derived for each plant 
or mine to show the costs of achieving successively higher degrees of contaminant removal from 
existing effluent levels and to assess the cost-effectiveness of contaminant removal at each plant 
and firm. 


Cost estimates for specific loading reduction targets derived from the cost functions were then 
used to evaluate the financial and economic effects on firms and sectors. Implications of 
incremental abatement costs on company financial indicators, on the capacity of firms to pass on 
these costs as increased product prices and effects on the competitive position and finance 
performance of the sector as a whole and its constituent firms were assessed. (See, for example, 
MOE, August 1992 and MOEE, April 1993). 


TT 
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3 COST ESTIMATES OF MISA MONITORING REQUIREMENTS 


3.1 Cost Estimation Procedures 


Together with Industry representatives, MOEE staff estimated the incremental costs of MISA 
monitoring regulations for each regulated plant and analyzed the potential economic and financial 
implications of these costs on the sector and constituent firms. Reports of these findings were 
prepared for each of the nine industrial sectors (MOE, July 1988, February 1989, May 1989, June 
1989, August 1989, September 1989, December 1989 (2 reports), August 1990). 


Capital and operating costs were estimated for each of the five monitoring activities at each plant 
or mine. Capital costs were one-time expenses for equipment and structures. Capital costs 
include the installation of automatic sampling and flow measurement devices which can be used 
in the future. Operating costs are generally expenses that recur from year to year. 


Cost estimates were derived by postulating the monitoring activities, equipment, labour 
requirements, and facilities that would be required at each plant to implement the monitoring 
protocols specified in the regulations. Estimation errors arose because (1) inputs required for 
different types of monitoring functions were uncertain, and (2) some flexibility existed as to how 
individual plants could implement certain monitoring requirements. 


All cost estimates are expressed in 1988 dollars and were thought to have a +/- 20% accuracy 
range. 


3.2 Monitoring Cost Estimates by Sector 


When the Monitoring Regulations were promulgated, a total of 237 plants were liable to the 
monitoring requirements. As shown in Table 4, compliance costs were estimated to total $73.7 
million, or an average of $311,100 per plant. Table 4 indicates that 65% of the total estimated 
monitoring expenses ($48.2 million) was allocated to operating, with $25.6 million (35%) being 
estimated for capital monitoring expenses. 


Table 4 shows that the Metal Mining Sector was estimated to incur the largest total cost for all 
monitoring activities ($18.0 million). The largest capital costs ($6.1 million) were estimated for 
the Electric Power Sector (Ontario Hydro and Atomic Energy of Canada Limited). The largest 
operation costs ($14.1 million) were estimated to be incurred by the Metal Mines, which 
represented 78% of the total costs for that sector. 


Economic Services Branch -13- ESTIMATED COSTS 


The Iron and Steel sector, with 7 plants, was estimated to incur the largest average total cost of 
$1.2 million per plant. The Industrial Minerals sector, with 51 plants, had the smallest average 
cost of $39,000 per plant. 


Both capital and operating costs per plant for monitoring were estimated to be the largest for Iron 
& Steel mills. Table 4 lists the sectors according to total cost per plant, from the highest to the 
lowest. 
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3.3. Monitoring Cost Estimates by Activity 


Total estimated costs, disaggregated by monitoring activity, are shown in Table 5. The largest 
proportion of cost (35%) was for the collection and transportation of samples to and from labs. 
Routine analysis of samples was estimated to account for 22% of the expected total monitoring 
expenses. Estimated capital expenditures were expected to be the largest for flow measurement 
activities ($9.9 million). Sampling requirements were estimated to impose the largest operating 
expenses of $17.0 million. 


Appendix A provides a more detailed breakdown of estimated capital and operating costs by 
monitoring activity for each sector. The Electric Power sector was expected to incur 35% of the 
total capital costs for sampling. It was estimated that the Iron and Steel Sector would incur about 
a third of the total capital costs for flow measurement activities. About 85% of the estimated 
total capital costs for routine analysis was estimated to be incurred by the Metal Mining Sector. 


About 55% of the estimated total operating costs for sampling was estimated to be incurred by 
the Metal Mining Sector. About 50% or $5.1 million in operating costs for characterization was 
estimated for the Electric Power Sector. About 50% or $5.4 million in total operating costs for 
routine analysis was estimated for the Organic Chemical sector. Estimated operating costs for 
toxicity testing were the largest in the Electric Power sector ($472,800). 
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TABLE 5 


ESTIMATED WATER POLLUTION MONITORING COSTS BY ACTIVITY 
($/000) 


ESTIMATED 
TOTAL 


TOTAL: 29%, OY Die 48,189.0 TS goatee 100% 


NOTE: (1) Includes contingencies and supervision of staff. 


SOURCE: 
VARIOUS MISA MONITORING COSTS REPORTS PREPARED BY MOE: July 1988, Feb 1989, June 
1989, "Aug 19897, May 1989, Sept 1989, Dec 1989 (2 reports), and Aug 1990). 


3.4 Economic Effects and Implications of Estimated Monitoring Costs 


MOEE staff also examined the cost-effectiveness of monitoring requirements. Costs estimates 
associated with the proposed plant- and stream-specific requirements were compared to the 
potential estimated costs incurred under a more comprehensive, across-the-board set of 
requirements. It was concluded that for all sectors, costs under an alternative set of assumptions 
would imply increased costs for monitoring activities and would process data about effluent 
quality beyond what is necessary to satisfy the regulations requirements, therefore making the 
alternative monitoring scenario less cost-effective. 


In addition, MOEE staff assessed the financial and economic implications of the estimated 
monitoring costs on the sectors and firms within each sector. For each regulated plant, selected 
financial effects of the estimated costs on the consolidated financial performance of the firms 
were carried out. Effects on individual plants could not be determined because plant-specific 
financial data were not available. These assessments indicated that the financial effects of 
monitoring were not likely to be burdensome (Salamon, Donnan, Blyth and Coplan, 1990). This 
conclusion was supported by the fact that each industrial plant subsequently implemented 
monitoring programs with little or no protest or delays. 
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4. SURVEY OF ACTUAL MONITORING COSTS 


4.1 Development of the Survey Questionnaire 


In 1989, MOEE staff developed a questionnaire to assemble the actual costs, and potential 
benefits, that industrial plants incurred during the year long monitoring programs. A draft 
questionnaire was distributed to 27 industrial representatives for comment. The questionnaire was 
revised in light of their comments. The intent to determine the actual costs of the monitoring 
requirements was greeted with enthusiasm and support from most of the industry representatives. 
A copy of the questionnaire is found in Appendix 2. 


In June 1990, the Actual Monitoring Cost Questionnaire was distributed to 220 industrial plants 
which had been subject to the MISA Monitoring Regulations. Questionnaires were not sent to 
all 237 plants for which costs were originally estimated because some of these plants were closed 
or had hooked up with municipal sewers and were no longer liable to the MISA Regulations. 


The questionnaire was sent out prior to the commencement of the monitoring period for most of 
the sectors in order to allow plant data collection and recording systems to incorporate the 
information requirement of the questionnaire. 


Along with the completed questionnaire, some respondents provided additional comments and 
copies of receipts, invoices and other documentation. Follow-up telephone calls were sometimes 
required to verify and/or clarify initial data on the questionnaire. Questionnaire responses were 
recorded in a Dbase IV database. 


The questionnaire asked for capital costs disaggregated into sampling, flow measurement, 
chemical analyses, toxicity testing and reporting activities conducted in-house. Capital costs were 
reported as the delivered price of measurement devices, installation costs, construction and 
building costs, and other one-time equipment purchases and modifications to existing lab 
facilities. 


The questionnaire requested disaggregated operating costs into in-house operating expenses for 
sampling’, flow measurement”, reporting®, analytical testing’ and training/seminars. 


* Sampling - operation and maintenance, sample collection, other labour costs, sample 
containers, and travelling blank and spiked samples. 
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Operating costs were derived from data on employee classifications, wage/salary rates (including 
overhead & benefits) and total person hours applied during the year. Training and seminar costs 
obtained from the survey were based on the number of persons attending, the average time per 
activity and the wage rate of those attending. The survey also obtained expenditure data on 
hiring external consultants to carry out a variety of activities including sampling, flow 
measurement, reporting, chemical analysis, toxicity testing and transportation of sample to and 
from labs. 


4.2 Survey Responses 


Of the 220 regulated plants/mines which were sent a questionnaire, 117 plants or 53% returned 
fully completed questionnaires as shown in Table 6. Only 5 of the 47 plants in the Industrial 
Minerals sector, 1 of the 7 Iron and Steel mills and 14 out of the 47 mining establishments 
completed questionnaires. There was 100% participation from the Petroleum Refining Sector and 
the Electric Power Sector, and high response rates from the Organic Chemicals and Inorganic 
Chemicals plants. 


Of the 103 plants that did not return a questionnaire, 21 plants communicated reasons why they 
would not participate in the survey. For example, 8 mines reported that they had closed, were 
not active during the monitoring period, were in receivership, had converted to a closed loop 
system, or were subject to "severe financial restraints". Of the 8 non-participating Industrial 
Minerals plants, 6 plants stated they were non-monitoring quarries and therefore, exempt from 
monitoring requirements. At least two Metal Casting plants had hooked up their discharge 
systems to municipal sewers and were no longer subject to the monitoring regulations. 


> Flow Measurement - calibration, operation and maintenance, other labour cost, sample 
containers, and travelling blank and spiked samples. 


° Reporting - data entry, initial report, monitoring analyses report and other. 


’ Analytical testing - chemical analyses, toxicity testing (trout and Daphnia Magna, 
characterization, and open characterization. 


rr ee ee 
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TABLE 6 
RESPONSE RATE OF MISA MONITORING COST SURVEY 
SECTOR NUMBER OF MONITORING PLANTS THAT: 
RECEIVED A FULLY COMPLETED A RESPONDED BUT 
QUESTIONNAIRE QUESTIONNAIRE AND DID NOT 


RETURNED IT TO COMPLETE A 
QUESTIONNAIRE 


INDUSTRIAL 47 
MINERALS 


MOE, Actual Cost of Monitoring Survey, 1991. 
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¥ SURVEY RESULTS - REPORTED MONITORING COSTS 


5.1 Actual Monitoring Costs by Sector 


As shown in Table 7, 117 regulated plants reported spending a total of $52.9 million, or an 
average of $452,000 per plant, on regulated MISA monitoring activities. This cost per plant is 
45% higher than the estimated costs of $311,000 per plant. Reported capital and operating costs 
were split 50-50; $26.2 million for capital and $26.7 million for operating costs. An average of 
$224,000 per plant for capital expenditures and $228,000 per plant for operating costs was 
reported. 


The survey revealed that 22 electric power generating stations reported the largest capital ($13.5 
million) and operating ($8.9 million) expenses of all sectors totalling $22.4 million. 


As shown in Table 7, the largest total monitoring cost per plant of $1.7 million was reported by 
the single Iron and Steel plant that responded to the survey. Electric Power plants spent about 
$1 million per plant. Metal Casting foundries reported the smallest average cost per plant; 
$21,900 per plant. Per plant, capital cost and operating cost were the largest in the one Iron and 
Steel plant where $699,300 was spent on capital and $1 million spent on operating costs. 


Of the total reported $52.9 million spent on monitoring activities summarized in Table 8, $42.7 
million was spent on in-house monitoring activities and $10.2 million was spent to hire external 
consultants. Table 8 also shows that the largest percentage of total reported cost (27%) or $14.2 
million was spent to collect samples for analysis. 


More details of reported capital and operating costs by monitoring activity for each sector are 
presented in Appendix 3. Capital expenditures for sampling facilities represented 64% of the 
total costs for sampling activities. Capital expenditures for flow measurement represented most 
(91%) of the reported costs for this activity. Reported capital and operating costs were more 
equally distributed for analytical testing activities ie. 55% for capital and 44% for operating costs. 
Most of the costs for reporting (81%) were operating expenses. 
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TABLE 8 


REPORTED COSTS BY MONITORING ACTIVITY 


MONITORING ACTIVITY CAPITAL OPERATING TOTAL 
($'000) ($’ 000) ($’000) 
OS ,Og2. 2 


ae 109.3 
2607.97 26,746.9 52,944.7 100% 


Note: Totals may differ due to rounding. 


n/a = not applicable. 


Source: MOEE, Actual Cost of Monitoring Survey, 1991. 


The monitoring program was worth at least $10.2 million to consultants. This expenditure 
amounted to 19% of the total actual costs as shown in Table 8. The types of monitoring 
activities performed by consultants included sampling, flow measurement, reporting, chemical 
analyses, toxicity testing and transportation of samples to and from labs. In some cases, the same 
consultant was hired by more than one plant within the same sector. 


Table 9 shows that a total of 240 consulting contracts were set up with 55 consulting firms to 
perform MISA monitoring activities. The Pulp and Paper sector hired the largest number of 
consultants (20) followed by the Organic Chemical sector (19), the Inorganic Chemical sectors 
(17) and Metal Casting sector (17). 


The Organic Chemical sector spent the most money ($2.9 million) on consultants, followed 
closely by the Electric Power Sector ($2.4 million). One Iron and Steel plant spent the largest 
amount per plant ($456,000) to hire 4 consultants. The one reporting plant in the Iron and Steel 
Sector also spent the largest amount ($114,000) for the average consultant cost per contract. 


Most of the money spent to hire consultants (62% or $6.4 million of the total reported consultant 
costs) was for chemical analyses as shown in Table 10. About $1 million was spent to hire 
consultants to perform toxicity testing. 


Neen eee cnc ne ee UEEEEEEEEEInInnISIINE NEES EEEEEEEEEEREnEEEEEEEEDEEeemeeeeeeeeseeeee = 
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TABLE 9 


TOTAL REPORTED CONSULTANT EXPENDITURES BY INDUSTRIAL SECTOR 


MISA SECTOR NUMBER OF NUMBER OF NUMBER OF TOTAL TOTAL TOTAL 
PLANTS THAT CONSULTANT CONSULTANT CONSULTANT CONSULTANT CONSULTANT 
COMPLETED A S HIRED CONTRACTS COSTS COST PER COST PER 


QUESTIONNAIRE REPORTED ($’000) PLANT CONTRACT 
($’000) ($’000) 


PETROLEUM 7 11 23 676.7 96.7 
SECTOR 

ORGANIC 24 19 50 2,912.6 121.4 
CHEMICALS 

PULP AND 17 20 45 ey dee 81.1 
PAPER 

IRON AND nf 456.0 456.0 114.0 
STEEL . | | 


METAL 14 aby) 29 737.2 41.4 2761 
MINING . 

INDUSTRIAL 5 7 10 184.7 36.9 18.5 
MINERALS 

ELECTRIC 22 10 pl 2,410.9 109.6 THe, 
POWER 

GENERATION 

INORGANIC 25 7 46 1,403.2 56.1 30.5 
CHEMICALS a 

METAL 2 2 2 16.0 

CASTING 


n/a = not applicable. 
* There were a total of 55 different consulting firms hired to perform monitoring activities. 


SOURCE: MOEE, ACTUAL COST OF MONITORING QUESTIONNAIRE, 1991. 
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6. REPORTED VERSUS ESTIMATED COSTS OF MISA MONITORING 


6.1 Method of Cost Comparison 


The total estimated costs as shown in Table 4 cannot be directly compared with total reported 
costs as shown in Table 7, because estimates were prepared for a different number and set of 
plants than those which reported costs to the survey. 


The plants that were initially identified in the MISA Monitoring Regulations, and for which costs 
were estimated, changed over time because: 


- Some plants hooked up to municipal sewage systems or converted their processes to a 
closed loop system. Consequently, these plants were no longer liable to any MISA 
Regulations. 


- Some plants or mines closed while others were opened. 
- New plants were added to the list of regulated plants required to do monitoring. 
- Some mines were not operating at the time monitoring was required. 


Of the 237 plants for which monitoring costs were estimated and the 117 plants for which actual 
monitoring costs were obtained from the survey, a total of 99 plants have both estimated and 
actual costs for monitoring activities. 


6.2 Comparison of Reported and Estimated MISA Monitoring Costs 


For the 99 plants whose estimated and actual costs can be compared, total estimated costs ($43.6 
million) were $7.2 million or 14% lower than reported costs ($50.9 million) as shown in Table 
11. Total estimated capital costs ($16.4 million) are $9.1 million or 36% lower than the actual 
capital costs ($25.5 million) for these 99 plants. Total estimated operating costs ($27.2 million) 
are $2.0 million or 7% lower than the reported operating costs ($25.4 million). 


All sectors, except the Metal Mining sector and the 1 Iron & Steel plant, have estimated capital 
costs lower than the reported actuals. The largest difference in the estimated versus the reported 
capital costs is in the Metal Mining sector, where estimated capital costs are 497% larger than 
the reported costs. Capital costs for the 1 Iron and Steel plant were overestimated by 183% 


In the Electric Power sector, which consists of 20 Ontario Hydro plants plus 2 Atomic Energy 
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of Canada facilities, capital costs were underestimated by 61%. In comparing estimated versus 
reported capital costs by monitoring activity for Ontario Hydro plants only, the greatest 
differences in these costs were in the in-house sampling ($2.4 million), in-house flow- 
measurement ($3.1 million), and in-house analytical testing ($2.3 million) activities. This large 
underestimation of capital costs by Ontario Hydro was a result of changes to the MISA 
monitoring requirements after monitoring cost estimates were prepared by Ontario Hydro. 


Capital cost estimates in the Organic Chemical Sector where also significantly lower (59%) than 
the reported costs. Most (97%) of the $2.9 million difference in capital costs was in sampling 
and chemical analysis activities. Therefore, the prices and number of devices required such as 
automatic samplers, storage, sampler refrigerators, and routine analysis equipment were likely 
underestimated. In addition, capital cost estimates are especially prone to uncertainties about 
installation of instrumentation and the construction of facilities which are often very complex and 
therefore more costly than had been estimated. 


Estimated operating costs were lower than those reported for the Petroleum, Organic Chemicals, 
Electric Power, and Metal Casting sector, and | Iron and Steel plant. Overestimation of operating 
costs were the largest in the Metal Mining sector, where estimated costs were 185% larger than 
reported actuals. Most (74%) of this difference in the estimated versus the actual operating cost 
was due to the overestimation of costs to hire external consultants. 


The U.S. Environmental Protection Agency assessed the accuracy of estimated costs of complying 
with federal environmental laws by use of a ratio analysis of estimated over actual costs (Putnam, 
Hayes & Barlett, 1980). The ratios of estimated-to-actual expenditures for monitoring activities 
by plant were calculated to determine the range of error as shown in Table 12. The Iron and 
Steel, Metal Casting and the Industrial Minerals sector has been left out because the number of 
plants is less than or equal to 3, and therefore do not constitute a sufficient sample size. 


Standard deviations can also be used to predict the future or be used for forecasting. Table 12 
also shows the standard deviations of the estimated-to-actual plant ratios. Standard deviations of 
total costs for the Petroleum and Organic Chemical sectors are the closer to zero suggesting a 
smaller spread in the ratios from their mean, therefore indicating a better accuracy of estimates. 
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6.3 Statistical Tests 


6.3.1 Monitoring Costs By Plant 


Estimated and reported monitoring costs by plant were analyzed with a two-tailed "t-test" to 
determine the level of confidence by which monitoring cost estimates represented the actual costs 
of monitoring activities. Refer to Appendix 4, 


The two-tailed "t-test" was applied to data from 6 of the 9 sectors. The Iron and Steel, Industrial 
Minerals and Metal Casting sector consisted of only 1 to 3 plants, too few for this analysis. 

A two-tailed "t-test" was applied to assess whether a sample of observation is, in fact, part of a 
known population. In this study, the known population is the reported monitoring costs. 


The calculated "t test statistic" for the Petroleum, Organic, Pulp and Paper, and Inorganic sectors, 
fell into the critical range for the 5% level of significance. Therefore, it can be concluded that 
estimates for these 4 sectors have a 95% chance of representing the actual costs of monitoring 
activities. The "t-test" statistics calculated for the Electric Power sector and the Metal Mining 
are greater than the upper limit for the 95% confidence interval and therefore, it can be concluded 
that the estimates for these sectors do not statistically represent the actual costs of monitoring in 
those plants. 


6.3.2 Total Monitoring Costs By Sector 


For the 99 plants which have both estimated and actual costs, the total estimated and reported 
‘costs by sector were compared using a two-tailed "t-test" to determine the level of confidence that 
MOEE has in using their estimates to represent the actual costs of monitoring. Refer to Appendix 
5: 


The same procedure was used as described in section 6.3.1 above except that the total cost by 
sector is considered to be an observation, with the total number of observations equal to the 
number of sectors, which is 9 in this case. 


With a 5% level of significance and 2(n-1)=16 degree of freedom, the calculated "t-test statistic" 
was less than the critical "t-value". It can be concluded that overall, the estimated cost by sector 
represent the reported costs by sector of MISA monitoring activities with a 95% level of 
certainty. 
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ef EMPLOYMENT AND OTHER CONSEQUENCES OF MISA MONITORING 
REQUIREMENTS 


a Ng lc Ng A STOTT 
am: Employment Associated with Monitoring Requirements 


The 117 survey respondents reported that a total of 106 persons were hired to perform in-house 
MISA monitoring activities, as shown in Table 13. Of these 106, 62 were hired on a permanent 
basis whereas 44 were temporarily hired for one year. Organic Chemical plants hired 39 persons, 
the largest number of additional employees, consisting of 23 permanent and 16 temporary 
persons. The Electric Power Sector hired 29 (18 permanent and 11 temporary positions). All 
sectors except the Industrial Minerals and Metal Casting Sectors reported to have hired at least 
3 persons. 


TABLE 13 


REPORTED NUMBER OF ADDITIONAL EMPLOYEES HIRED IN-HOUSE 
TO PERFORM MISA MONITORING ACTIVITIES 


MISA SECTOR PERMANENT TEMPORARY 
FULL-TIME PART-TIME FULL-TIME PART-TIME 


PETROLEUM 
REFINING 


ORGANIC CHEMICALS Pease x mers) 


PULP_& PAPER vegewiiant salma 


+08 Mo STE _ SE 


| METAL MINING | MINING 


INDUSTRIAL 

1. 

| ELECTRIC POWER _| POWER 

CHEMICALS 

METAL CASTING eee a ee 

TOTAL ee ee 


SOURCE: MOEE, Actual Cost Of Monitoring Survey, 1991. 
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7.2 Person Hours Worked for MISA Monitoring Activities 


The 117 survey respondents reported a total of 343,416 person hours to perform in-house 
monitoring activities. This figure does not include time for training, seminars or the person hours 
of hired consultants. As shown in Table 14, for all sectors, analytical testing consumed the 
largest number of labour hours conducted in-house (127,135 hours) followed closely by sampling 
(114,469 hours). Of the total 343,416 in-house person hours reported, 37% was for analytical 
testing, 33% was for sampling, 24% was for reporting, and 6% was for flow measurement. 


Survey results show that the number of person hours for one year of in-house MISA monitoring 
was the greatest in the Electric Power sector (108,693 hours) followed by the Organic Chemical 
sector (89,355 hours). 


In-house person hours per plant was the largest for the one reported Iron and Steel plant ie. 
14,978 hours. As indicated previously, this plant also incurred the largest cost per plant to hire 
external consultants. This may suggest that monitoring activities in the Iron and Steel sector are 
more complex and intense. 


Based on the total of 117 reported plants, reported operating costs per total person in-house hours 
by sector ranged from $63.40 per hour in the Petroleum sector to $161.80 per hour in the Metal 
Casting sector as shown in Table 15. 
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TABLE 15 
MONITORING PERSON HOURS AS A % OF REPORTED MONITORING COSTS 
MISA SECTOR REPORTED IN-HOUSE OPERATING 
OPERATING PERSON HOURS COSTS PER 
MONITORING TOTAL PERSON 


COsT HOURS 
($’000) ($/hour) 


‘ 82.0 
INORGANIC CHEMICALS 2,890.7 38,785 74.5 
ions Gees 


Source: MOE, Actual Cost of Monitoring Survey, 1991. 


7.3 Cost Savings Associated with MISA Monitoring Activities 
Questions relating to the beneficial consequences of various monitoring activities were asked: 


"During and as a result of the monitoring of your effluent, did you find out any of the following 
about the operation of your company?" 


(1) Water use or pumping could be reduced? 

(2) Raw materials loss could be reduced? 

(3) Product loss or spoilage could be reduced? 

(4) Capital equipment acquired for monitoring can be used for other purposes? 


Most respondents noted that computer equipment purchased for monitoring could be used for 
other activities. One plant in the industrial minerals sector indicated that cost saving for capital 
equipment purchased amounted to $10,000. One plant in the Organic chemical sector reported 
that the MISA program initiated interest in developing their own laboratory and testing facilities 
to improve control and response times. The same company stated that the monitoring program 
enhanced awareness of stream contaminants. The plant reported saving $10,000 from Lab testing, 
since it was applied to general environmental activities and process studies. 
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8. SUMMARY AND CONCLUSIONS 
eC rrr 


Estimated compliance costs for individual sectors and individual plants provide the basis for 
assessing the cost-effectiveness and the financial and economic implications of proposed 
regulations or policies prior to their implementation. However, these estimates are seldom 
verified by comparing them against actual costs incurred. 


A survey was completed wherein the actual monitoring costs incurred were obtained from plants 
subject to the "Ontario Clean Water" monitoring regulations. Costs of different monitoring 
activities in different industrial sectors were displayed and compared. Estimated monitoring costs 
prepared prior to the promulgation of the Regulations were compared with the actual expenses 
in order to validate and improve future cost-estimation procedures. 


Monitoring Regulations required 237 plants within nine industrial sectors to monitor their 
effluents. Up to 161 parameters were tested by plants in each sector. The number of parameters 
detected in plant effluents ranged from 34 in the Industrial Minerals sector to as high as 116 in 
the Organic Chemical sector. Effluent monitoring data provided the basis for Effluent Limits 
Regulations which have been completed for each of the nine sectors and which place maximum 
allowable limits on from | to 59 parameters in plant effluents. 


Prior to implementing requirements of the Monitoring Regulations, ministry staff and industry 
representatives estimated that the total (capital plus operation and maintenance) costs for all 
sectors would be $73.7 million for 273 plants. The estimated total cost per plant was $311,000. 


There were 117 plants which responded to the survey questionnaire and reported actual 
monitoring expenses averaging $452,500 per plant. Applying the $452,500 per plant figure to 
273 plants suggests that industry actually spent as much as (273 x $452,500) $123.5 million to 
comply with the monitoring regulations. This comparison implies a 40% under-estimation of the 
total costs of monitoring. 


However, of the 117 respondents, only 99 plants also had cost estimates available. From the time 
that estimates were prepared to promulgation of the monitoring regulations, a number of plants 
and mines in different sectors were closed or were hooked up to municipal sewers systems (and 
so were exempt from the monitoring requirements). Moreover, additional plants were found 
which were liable to the Regulation but had not had cost estimates prepared for them. When 
comparing these 99 plants, estimated total monitoring costs were only 14% lower, than the total 
actual costs obtained from the survey. The major discrepancy was with capital costs which were 
36% lower than reported costs. 


The largest discrepancies between estimated and reported capital costs were found in the 
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following sectors: 


> Electric Power - Total capital costs were under-estimated by 61%. 

» Organic Chemical - Total capital costs were under-estimated by 59%. 
>» Metal Mining - Total capital costs were over-estimated by 497%. 

» Iron and Steel - Total capital costs were over-estimated by 183%. 


According to industry sources, capital costs are often underestimated because installation of 
instrumentation and construction of facilities were frequently more complex and costly than had 
been anticipated. 


Estimated total operating costs were 7% higher than the survey costs. The largest difference 
between estimated and actual operating costs was in the Metal Mining sector, where estimated 
operating costs were 185% higher than the reported operating costs. 


Statistical tests show that estimates represent the actual MISA monitoring for the Petroleum, 
Organic, Pulp and Paper, and Inorganic sectors within a 95% confidence level. 


Monitoring requirements generated employment in terms of hiring in-house staff and external 
consultants to perform monitoring activities. A total of $10.2 billion was spent to hire a total of 
55 consulting firms. Industry also hired a total of 62 permanent and 44 temporary staff to 
perform monitoring activities. 


a ee i ee) 
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APPENDIX 1 


Estimated Capital And Operating Costs By Monitoring Activity 
For Each Sector 
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APPENDIX 2 


MISA Actual Monitoring Cost Questionnaire 


44 


MISA 


ACTUAL MONITORING COST QUESTIONNAIRE 


The Monitoring Activities listed in this questionnaire 

are intended to correspond to those in the "Monitoring Cost 
Reports" that have been prepared for each sector. 

The questionnaire consists of the following sections: 


Section I: Identification 

Section II: Consultants or Contractors Hired 

Section III: One-Time Capital Expenses 

Section IV: Recurring Operation Expenses 

Section V: Effects on Operation 

Please answer all questions. If this is not possible, please 


indicate the reasons according to the following: 


ili If capital equipment, personnel or consultants are not 
required, please enter "NOT REQUIRED". 


a If the question is unclear and requires clarification, 
please enter "DO NOT UNDERSTAND". 


oi If you have recorded a confidential answer and prefer 
that it not be released to the public, please enter 
beside the answer "CONFIDENTIAL". 

4. Other, please specify. 


Costs and expenses should include all relevant Provincial and 
Federal Taxes as well as contingencies. 


Please call Rosemary Cercone at (416) 323-4400 if you have 
any questions or comments, ay 


Section I: IDENTIFICATION 
EE ESR ALLON 


COMPANY NAME: 
Se a he i 


CORPORATE OWNER, IF DIFFERENT 
ee ee ee ee ee 


PLANT NAME: 
Ek ee 
LOCATION: 
ee 


MISA INDUSTRIAL SECTOR: SIC#(s): 


NAME OF PERSON WHO COMPLETED QUESTIONNAIRE: 


SHIM ES o ‘ PHONE NO: 
———— a a aeoaeee ee Fie Dh ee RET 
FAX NO: 
DATE QUESTIONNAIRE WAS COMPLETED: 
ee ee 


NUMBER OF EMPLOYEES AT PLANT: 
eee 


MAJOR PRODUCTS DYEE PLANT CAPACITY 
re te el re 
ee ee ee ee ee 
ee eee ee ee 
5 Se SS eee 
ee ee 


2,0f 13 


MISA Sector 
Plant Name 


Section II: CONSULTANTS OR CONTRACTORS HIRED 
EEE MA TUR AIRED 


ib Did your company hire a consultant/contractor to conduct 
various monitoring activities? 


Yes No 


Note: Was more than one consultant or contractor hired to 
complete MISA monitoring activities? Yes/No 
(Circle One). If yes, please photocopy and fill 
out page 3 and 4 for each consultant/contractor. 


If yes, please indicate the consultant's/contractor's 
name and address. 


Consultant's Name: 


Address: 
aa ae Rs ee ee oe ee ee 


Total Contract Cost: 
SERS: Ti bt Dee et et Ae, oA LF. 


Please identify the types of monitoring activities that 
this Consultant/Contractor performed. 


Total 
Contract 
Cost 

($000's) 


Check here, if 
Contract Cost 
Information is 
Attached 


Monitoring Activity 


Sampling 


Flow Measurement 


Reporting 


Chemical Analyses at Lab. 
(excluding transportation) 


Toxicity Testing at Lab 
(excluding transportation) 


Transportation of Samples 
to Lab 
(see chart on next page) 


TOTAL CONTRACT COST 


Consultant or Contractor Costs - Other/Comments 
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MISA Sector 
Plant Name 


TRANSPORTATION OF SAMPLES TO COMMERCIAL LABORATORY 
CONDUCTED BY COURIER/CONTRACTOR 


Number of Method Used to Transport Number of 

Tests Carried Samples to Lab Shipments |Total/Average 
Out During (i.e., courier, bus, During 

Regulation leased vehicle, existing |Regulation| (please specify) 
Activity] Period vehicle) 


Chemical 
Testing 


0 


Check here, if a price list of individual test or other information is 
attached. 


Comments: 
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MISA Sector 
Plant Name 


TABLE 3 


CAPITAL COSTS - CHEMICAL ANALYSES CONDUCTED IN-HOUSE 


TOTAL 
Equipment Purchased Delivered CAPITAL 


or Modifications to Unit Cost/ 
Current Lab Price 


Installation 


TABLE 4 
CAPITAL COSTS - TOXICITY TESTING CONDUCTED IN-HOUSE 
Equipment Purchased Delivered TOTAL 


or Modifications to Unit Cost/ CAPITAL 
Current Lab Price Installation Cost 


TROLLS 


Equipment or 
Supplies Purchased 


Computers 


Hardware 


Software 


MISA Sector 
Plant Name 


TABLE 5 


CAPITAL COSTS - REPORTING 


Unit Cost/ 
Price Installation 


CAPITAL COSTS - OTHER/COMMENTS 


TOTAL 
CAPITAL 
COST 
($000's) 


& ‘of 3 


MISA Sector 
Plant Name 


Section IV: OPERATING EXPENSES 
ae 


TABLE 6 


OPERATING COSTS - PERSONNEL TIME REQUIRED FOR SAMPLING ACTIVITIES 


Wage/Salary 
Rate 
(including 
Employee Overhead & Total Person 
Activity Classification Benefits) 


Operation and 
Maintenance 


Sample 
Collection 


Other Labour 
Costs 


TABLE 7 
OPERATING COSTS - PERSONNEL TIME REQUIRED FOR FLOW MEASUREMENT 


Wage/Salary 
Rate 


(including Total Person|COST FOR 
Employee ; Overhead & Hours For 
Activity Classification Benefits) Year 


Calibration 


Operation and 
Maintenance 


Other Labour 
Costs 


Sample Containers (and Travelling Blank and Spiked Samples) 


SPoffl 3 


Activity 


Data Entry 


MISA Sector 
Plant Name 


TABLE 8 


OPERATING COSTS - REPORTING 


Wage/Salary 

Rate TOTAL 

(including Total Person|COST FOR 
Employee Overhead & Hours For YEAR 
Classification Benefits) Year ($000's) 


Initial Report 


Monitoring Analyses 


Report 


Other 


Activity 


Chemical 
Analyses 


Toxicity 
Testing 


Trout 


TABLE 9 


OPERATING COST-IN-HOUSE ANALYTICAL TESTING 


Wage/Salary 

Rate 

(including Total Person|COST FOR 
Employee Overhead & Hours For 
Classification Benefits) Year 


Daphnia Magna 


Characterization 


Open 
Characterization 


POUGL A013 


MISA Sector 
Plant Name 


TABLE 10 


OPERATING COSTS - TRAINING, SEMINARS 


Average 
No. of Time Per 
Persons Activity Cost Per 
Activity Attended (Hours) Hour/Person 


Training 
Programs 


Seminars/ 
Conferences 


Please list any additional expenses incurred when conducting training 
programs or seminars. 
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MISA Sector 
Plant Name 


a 


SE 


Section V: EFFECTS ON OPERATION 


Was it necessary for your plant to hire additional staff 
in order to conduct the monitoring activities? Yes/No 
(Circle one). 


Permanent: Full-time No. Part-time No. 


Employee Wage/Salary Rate 


Classification (including Overhead and Benefits) 


Temporary: Full-time No. Part-time No. 


Employee Wage/Salary Rate 


Classification (including Overhead and Benefits) 


Was it necessary for your plant to purchase/lease 
(circle one) a vehicle in order to.conduce the 
monitoring activities? 


Yes No 


If yes, what was the cost of using the vehicle for 
monitoring (please show calculations)? 


During and as a result of the monitoring of your 
effluents, did you find out any of the following about 
the operation of your company? 


(a) Water use or pumping could be reduced. Yes/No 
(Circle One). .If yes, please explain what, if 
anything, you did about it. Can you save money? 


LZ250f 423 


MISA Sector 
Plant Name 


(b) Raw material loss could be reduced. Yes/No (Circle 
One). If yes, please explain what, if anything, 
you did about it (e.g., type of material, location 
of loss, quantity of material, action taken, 
dollars saved, etc.). 


(c) Product loss or spoilage could be reduced. Yes/No 
(Circle One). If yes, explain what, if anything, 
you did about it (e.g., action taken, money 
saved). 


(ad) Capital equipment acquired for monitoring can be 
used for other purposes. Yes/No (Circle One). If 
yes, please explain additional uses and cost saving 
(e.g., better flow control, research and 
development). 


(e) Other consequences and comments. 


LS. Of 13 


6c aes vapenat ‘th, Lwgatay, st rae . tite 
a «(ea®- cfed>) eal 2 pn ie e 
ahd ene os cane émiG?) 3 (SRR ane ©. Lome ® : lo 


ins @ocasnes , [ous = ‘we rao fed .. wie) 
(4 demqn ivve> 


a 
» : : 


i ee ae eT hE a 


a ao a 2 ee ee 


- - a f 
-—-< oo —— + iis) Sie: - 


A) er 


Ne 


————————— 


& vt “Ee 7 
akr 


ep a ak 
. aA j : 
ms eA, 


As eoimers Rabu aa : 
ange Sth a fn 


APPENDIX 3 


Reported Capital and Operating Costs By Monitoring Activity 
For Each Industrial Sector 
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APPENDIX 4 


"t-Tests" to Determine Confidence Intervals 
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"t-Test" Analysis 


The application of the two-tailed "t-test" assumes that estimated costs are a sample of the 
population and actual costs are the known population. Each plant within a sector is considered 
to be an observation, with the total number of observations equal to the number of plants in 

each sector for which both estimated and actual costs are available. 


Assuming a normal distribution in both the sample and population, a sample t test statistic (t) 
was calculated for each sector, by dividing the difference in the mean of the actual costs and 
estimated costs by the standard deviation, such that, 


2 ee nm » ee a 


V(28?)/n 


where, 
t = t-test statistic 


ay = the mean of the actual costs for the industrial sector. 


actual 


By = the mean of the estimated costs for the sector. 


estimated 
s? = common variance 
n = number of plants per sector for which both estimated costs and actual costs are available. 
Assuming a 5% level of significance, « = .05, a critical value (t°) was obtained from the 
"Student’s t Table" for 2(n-1) degrees of freedom for each sector. 
If the value of the calculated "t test statistic" (t) is less than the critical "t value" (t*), for a 5% 


level of significance, then ((one can be 95% confident that)) the estimates represent the actual 
costs. 
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APPENDIX 5 


t Tests by Industrial Sector - Total 
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